Seismic anisotropy in the upper mantle provides important constraints on mantle dynamics, continental evolution and global tectonics and is believed to be produced by the flow-induced lattice-preferred orientation (LPO) of olivine. Recent experimental studies at high pressure and temperature have suggested that the LPO of olivine is affected by pressure in addition to water and stress. However, there has been no report yet for the pressure-induced LPO of natural olivine because samples from the deep upper mantle are rare and often unsuitable for study due to ambiguous foliation and lineation. Here we show evidence of the pressure-induced LPO of natural olivine in diamond-bearing garnet peridotites from Finsch, South Africa. We found that the [010] axes of olivine are aligned subnormal to foliation and that the [001] axes are aligned subparallel to lineation, which is known as B-type LPO of olivine. The equilibrium pressure of the samples, as estimated using geobarometer, was greater than 4 GPa, indicating that the samples originated from a depth greater than~120 km. In addition, FTIR spectroscopy of the olivine showed that the samples are dry, with a water content of less than 90 ± 20 ppm H/Si (5.5 ± 1.2 ppm wt. H 2 O). These data suggest that the samples are the first natural examples of olivine displaying B-type LPOs produced due to high pressure under dry condition. Our data indicate that the trench-parallel seismic anisotropy observed in many subduction zones in and below subducting slabs at depths greater than~90 km under dry condition may be attributed to the pressure-induced olivine fabrics (B-type LPO) and may be interpreted as the entrainment of the sub-lithospheric mantle in the direction of subduction rather than anomalous trench-parallel flow.
Introduction
Seismic anisotropy is a powerful tool for understanding the global tectonics of the upper mantle in the Earth (Becker et al., 2012; Fouch et al., 2000; Long, 2013; Long and Silver, 2008; Silver, 1996; Song and Kawakatsu, 2012) and has been observed in many subduction zones worldwide (Long, 2013; Park and Levin, 2002; Russo and Silver, 1994; Savage, 1999; Wang and Zhao, 2013) . Trench-parallel seismic anisotropy has been observed in the mantle wedge above subducting slabs (Long, 2013; Long and Silver, 2008; Smith et al., 2001) , as well as below subducting slabs at a deeper portion of the upper mantle (Long and Silver, 2008, 2009; Russo and Silver, 1994; Tian and Zhao, 2012) . Proposed mechanisms for the source of this trench-parallel seismic anisotropy include waterinduced B-type LPO of olivine in the mantle wedge (Jung, 2009; Jung and Karato, 2001a; Karato et al., 2008; Katayama and Karato, 2006; Kneller et al., 2008; Mizukami et al., 2004) , LPO of serpentine in serpentinite altered from peridotite (Ji et al., 2013; Jung, 2011; Katayama et al., 2009; Soda and Wenk, 2014; Watanabe et al., 2011) , trench-parallel mantle flow due to slab roll back (Long and Silver, 2008, 2009; Russo and Silver, 1994) , rapid toroidal flow around slab edge (Jadamec and Billen, 2010) , pressure-induced B-type LPO of olivine due to slip transition at high pressure greater than P ¼ 3 GPa Ohuchi et al., 2011; Raterron et al., 2011) , aligned faults by hydration in subducting oceanic plate (Faccenda et al., 2008) and an effective orthorhombic symmetry for the oceanic asthenosphere, which is translated to the depth beneath the subducting slab (Song and Kawakatsu, 2012) . However, the origin of seismic anisotropy remains poorly understood.
Because olivine is the dominant mineral in the upper mantle and is elastically anisotropic (Abramson et al., 1997; Kumazawa and Anderson, 1969) , seismic anisotropy may be attributable to the LPO of olivine (Ben Ismail and Mainprice, 1998; Long and Silver, 2008; Mainprice, 2007; Nicolas and Christensen, 1987) . Previous studies have shown that the LPO of olivine is affected by the physical and chemical conditions of deformation, including water, stress, and temperature (Jung and Karato, 2001a; Jung et al., 2006; Karato et al., 2008; Katayama and Karato, 2006) . Various types of LPOs have been observed in olivine depending on water content (C OH ) and stress at pressures less than 2.3 GPa (Jung et al., 2006) . Both Aand D-type LPOs were found under dry conditions (C OH < 200 ppm H/Si), while B-C-, and E-type LPOs were found under wet conditions. Among these LPOs, the B-type is particularly important to understand the trench-parallel seismic anisotropy of the mantle wedge, and it is characterized by the alignment of the [001] axes subparallel to the shear direction and of the [010] axes subnormal to the shear plane. Additionally, recent high pressure experiments on olivine aggregates under dry conditions have revealed that a change in the LPO of olivine from A-type to B-type is induced by high pressure greater than P ¼ 3 GPa and P ¼ 5 GPa (Ohuchi et al., 2011) . Although numerous studies have been conducted on the LPO of natural olivine at shallow depths (P 2 GPa) (Jung, 2009; Jung et al., 2014; Kim and Jung, 2014; Mizukami et al., 2004; Palasse et al., 2012; Park et al., in press; Skemer et al., 2010; Tasaka et al., 2008; Tommasi et al., 2008; Warren et al., 2008) , studies on the LPO of olivine from the deep upper mantle (P > 3 GPa) have been very limited (Baptiste et al., 2012; Skemer and Karato, 2008; Wang et al., 2013a; Xu et al., 2006) . In the present study, we demonstrate that pressure-induced B-type LPO of olivine does occur at high pressure in natural rocks, a finding with significant implications for seismic anisotropy and global tectonics.
Sample descriptions
We studied garnet peridotites from Finsch, South Africa, which is located at the western margin of the Kimberley block ( Fig. 1 ) (Gibson et al., 2008) . The garnet peridotites displayed a porphyroclastic texture and are strongly foliated (Fig. 2a) , with a composition of primarily olivine with minor amounts of elongated enstatite and garnet (Table 1, Fig. 2a ). Samples showed compositional layering of olivine-rich and orthopyroxene-rich layer. The thickness of olivine-rich and orthopyroxene-rich layer was 10e32 mm and~6e21 mm, respectively. Olivine-rich layer consists of olivine~70e90 % while orthopyroxene-rich layer consists of orthopyroxene~40e60 %. The foliation of the rock specimens was determined by the compositional layering of orthopyroxene and olivine with the variable ratios. Lineation(X) was determined by the shape preferred orientation of all grains on foliation (Panozzo, 1984) . Thin sections were made in 3 orthogonal planes (XZ, XY, and YZ) where Z is the direction normal to foliation and Y is the direction normal to both X and Z, and the grain aspect ratios in these 3 planes were determined and shown in Table 1 . The aspect ratio of all grains in the XZ plane was the largest. The aspect ratios of olivine and orthopyroxene were also determined separately in specimens and are shown in Table 2 . It is found in general that orthopyroxene has bigger aspect ratio than olivine.
Methods

Determination of the LPO of olivine and calculation of seismic anisotropy
The samples were cut parallel to their lineation and perpendicular to their foliation for the microstructure analysis. The LPO of olivine was measured by electron back-scattered diffraction (EBSD; using the HKL system with Channel 5 software) at an accelerating voltage of 20 kV and a working distance of 15 mm using the scanning electron microscope JSM6308 of the School of Earth and Environmental Sciences (SEES) at Seoul National University (SNU), Korea. The EBSD pattern was indexed manually at each grain to obtain an accurate solution. We measured the LPO of~230e700 grains of olivine for each sample. The misorientation index (M-index) (Skemer et al., 2005) was calculated to estimate the fabric strength of the sample using the uncorrelated grain pairs determined from the EBSD data. The seismic velocity and seismic anisotropy were calculated from the orientation data for olivine using the elastic constant for olivine (Abramson et al., 1997 ) and a software program (Mainprice, 1990) . Seismic anisotropy of whole rock including minor phases such as enstatite (orthopyroxene) and garnet was also calculated.
Measurement of the mineral water content
The water contents of olivine and orthopyroxene were measured on doubly polished sections (~200 mm thick) without including the grain boundaries using a Nicolet Fourier-transform infrared (FTIR) 6700 spectrometer with a continuum infrared microscope at the Tectonophysics laboratory of the SEES. Each sample was dried at 120 C for over 24 h prior to the FTIR analysis. N 2 gas was flushed through both the infrared chamber and the microscope to remove atmospheric moisture. The IR beam size of 50 mm Â 50 mm was used. Although new calibrations for calculating water content of olivine exist (Kov acs et al., 2008; Withers et al., 2012) , we used the unpolarized FTIR spectrum and Paterson's calibration (Paterson, 1982) for consistency with previous studies on the LPO of olivine (Jung and Karato, 2001a; Jung et al., 2009; Katayama et al., 2004) . The same data using the Bell et al. (2003) calibration would yield a value~3.5 times higher (Mosenfelder et al., 2006) .
Estimation of pressure and temperature
The equilibrium pressure of the samples was estimated by geobarometric method using the oxide mass percentages for Al in Opx (Brey and Kohler, 1990) . Temperature was estimated using the FeeMg exchange between olivine and garnet (O'Neill and Wood, 1979) . A Jeol JXA-8900 electron probe micro-analyzer (EPMA) at the National Center for Inter-university Research Facilities at the SNU was employed to measure the oxide mass percentages of olivine, orthopyroxene, and garnet (Table 3) , using an acceleration voltage of 15 kV and a beam size of 5 mm. A total of 3 grains (core and rim measurements) were analyzed for each specimen. (Skemer et al., 2005) . b Pressure and temperature were estimated using geothermobarometers (see Methods). Uncertainties of pressure and temperature are 0.5 GPa and 40 C for the geothermobarometer.
c Water content was calculated using Paterson's calibration (Paterson, 1982) . d The aspect ratios of all grains were determined in 3 dimensions (XY, XZ, and YZ plane) by drawing the grain-shape of up to 400 individual grains in thin sections where X:
parallel to lineation, Z: normal to foliation, and Y: perpendicular to X and Z.
Identification of diamond in the specimen
A dispersive confocal DXR Raman microscope (Thermo Scientific) housed at the Tectonophysics Laboratory of the SEES in SNU, Korea was used to identify diamond in the specimen. The Raman microscope was equipped with a 532 nm laser (10 mW power) and an optical microscope (Olympus, 50Â objective) with an automatic stage and had a resolution of 0.01 cm À1 over the wavenumber range of 50e3550 cm À1 with a beam size of 0.67 mm, which is small enough to analyze small inclusions. The Raman spectrum was obtained using a 32-s exposure time.
Results
Microstructures of samples
Microstructures of a typical olivine-rich layer (sample 1512) are shown in optical microphotograph (Fig. 3a) . Porphyroclasts of orthopyroxene and garnet are observed. Porphyroclasts of orthopyroxene has aspect ratio up to 3.5:1 (Figs. 2a and 3a). Big olivine grains are also elongated subparallel to lineation with aspect ratio up to 4:1. Garnets are less elongated with the size of 2e5 mm ( Fig. 3a) , typically having a kelyphite rim with the thickness of 400 mm. We plotted the Flinn diagram in Fig. 4 using the aspect ratios of all grains ( Fig. 4a ) and of each mineral ( Fig. 4b ) in XY and YZ plane to see the dominant shape of grains (Flinn, 1962) . All samples were plotted under the k ¼ 1 line, showing that the shape of grains are flattened rather than constricted. We found that samples contained diamonds as inclusions in garnet with the size of~1 mm (Fig. 2b and c) . Big diamond with the size of~3 mm was also found in between grain boundaries of olivine (Fig. 2c) . The representative peak of diamond is shown in the micro-Raman spectra ( Fig. 2d and e) . The existence of diamond in the samples confirms the deep origin of the specimens. Undulose extinctions are frequently observed in olivine grains (Fig. 3b) . To observe dislocation microstructures of olivine, samples were decorated with oxygen in the air at 800 C for 1 h (Jung and Karato, 2001b; Karato, 1987; Kohlstedt et al., 1976) . Backscattered electron image of sample showed that there are many free dislocations in olivine (Fig. 3c) . It is also found that subgrain boundaries are well developed in olivine (Fig. 3c) .
Lattice preferred orientation of olivine
The LPO of olivine from the analysis of the electron backscattered diffraction (EBSD) using a scanning electron microscope is plotted with pole figures (Fig. 5) . All of the samples showed a strong LPO of olivine. The [001] axes of olivine are aligned subparallel to the lineation, and the [010] axes are aligned subnormal to the foliation, which is known as the B-type LPO of olivine (Jung and Karato, 2001a) . LPO of orthopyroxene is not reported because the number of grains of orthopyroxene was too small.
Water content of olivine and orthopyroxene
Because previous experimental studies had indicated that the Btype LPO of olivine could be formed by either water (>200 ppm H/Si) (Jung and Karato, 2001a) or high pressure (>3 GPa) under dry X: parallel to lineation, Z: normal to foliation, and Y: normal to both X and Z. conditions Ohuchi et al., 2011; Raterron et al., 2011) , the water content of the olivine in each sample was determined using FTIR spectroscopy (Fig. 6 ). No differences in water content were observed between the core and the rim of the olivine samples. Seven grains of olivine were analyzed from each sample, and the average water content is shown in Table 1 . The water content of the individual olivine samples ranged from 50 to 120 ± 20 ppm H/Si (3e7.4 ± 1.2 ppm wt. H 2 O). The calculation of orthopyroxene/olivine partition coefficients of water can provide additional evidence that little water was lost from the olivine during uplift. Previous studies at high pressure and high temperature have established that the partition coefficient of water in orthopyroxene/olivine is D Opx/ol ¼ 10 ± 5, a value representing the average of 12 experiments (Aubaud et al., 2004; Hauri et al., 2006) . We measured the water content of orthopyroxene using a Nicolet 6700 FTIR spectrometer and found that orthopyroxene as well contained a small amount of water (115e380 ± 40 ppm H/Si). Our specimens displayed partition coefficients of water of D Opx/ol ¼ 6 ± 3, which are in agreement with previous results. No differences in water content were detected between the core and the rim for orthopyroxene (Fig. 6) . All of the FTIR spectroscopy data showed that the olivine in our specimens was originally dry.
Estimation of pressure and temperature of specimen
Because pressure is also an important factor for the LPO of olivine (Couvy et al., 2004; Jung et al., 2009; Mainprice et al., 2005; Ohuchi et al., 2011) and the B-type LPO of olivine can be formed due to high pressure (over 3 GPa), even under dry conditions Ohuchi et al., 2011; Raterron et al., 2011) , the pressuretemperature conditions of the samples were estimated using geothermobarometers (see methods). The samples were equilibrated at high pressure (4.3 ± 0.3 GPa) and a temperature of~1050 C (Table 1) .
Seismic anisotropy
The LPO of olivine plays an important role in the seismic anisotropy of the upper mantle (Ben Ismail and Mainprice, 1998; Karato et al., 2008; Long, 2013; Long and Silver, 2008; Nicolas and Christensen, 1987) . The seismic anisotropy corresponding to the LPO of olivine (Fig. 5 ) was calculated at P ¼ 4 GPa and T ¼ 1000 C. The elastic stiffnesses (C ij ) of the VogiteReusseHill average were calculated using the LPO of olivine, and the density (r ¼ 3.237 g/cm 3 ), and the C ij of single crystal olivine (Abramson et al., 1997) . The elastic stiffnesses (C ij ) of a representative olivine and whole rock (sample 1512) are shown in Table 4 . Fig. 7 shows the seismic anisotropy of the P-wave (Vp), the S-wave velocity anisotropy (AVs) and the polarization direction of the fast shear wave (Vs1). The P-wave velocity was in the range of 7.86e9.04 km/s. The P-wave anisotropy (11.0e13.9%) was similar to the S-wave anisotropy (10.45e14.24%). All of the samples showed that the polarization directions of the fast shear waves (Vs1) were aligned nearly normal to the lineation (flow direction) for the vertically propagating S-waves (Fig. 7) . The polarization directions of the fast S-waves were similar to those observed for the pressure-induced Btype LPOs of olivine in previous experimental studies Ohuchi et al., 2011) .
The seismic anisotropy of whole rock including minor phases such as orthopyroxene and garnet was also calculated. In addition to the LPO of olivine, we used the LPOs of orthopyroxene and garnet, and the density of orthopyroxene (r ¼ 3.225 g/cm 3 ) and garnet (r ¼ 3.602 g/cm 3 ), and the C ij of single crystal orthopyroxene (Chai et al., 1997) and garnet (Bass, 1989 ) (see Fig. 8 ). We used the VogiteReusseHill average to calculate the seismic anisotropy for the whole rocks. It is found that the contribution of these minor phases to the seismic anisotropy of whole rock was small. For example, P-wave velocity of the sample 1512 was slightly decreased to 0.12 km/s, and the P-wave anisotropy was decreased to 1.5% due to the existence of orthopyroxene and garnet. S-wave anisotropy was also slightly decreased to 1.67%. However, the polarization direction of the fast shear waves (Vs1) was not changed compared to that of olivine only (Fig. 7) .
Estimation of stress in the specimen
The relationship between recrystallized grain size and stress of olivine (Jung and Karato, 2001b; Karato et al., 1980; Van der Wal et al., 1993; Zhang et al., 2000) was used to estimate the stress of garnet peridotites from Finsch. The linear intercept method (Jung and Karato, 2001b ) was used to measure the recrystallized grainsize of olivine. Grain boundaries of recrystallized grains were counted along the horizontal and vertical lines. Recrystallized grain size in 2-dimension (2-D) was estimated from the total length of lines divided by the total number of grain boundaries. The average recrystallized grain size of olivine in the samples 1512, 1516, and 1517 in 2-D was 709 ㎛, 2018 ㎛, and 1421 ㎛, respectively. We used the stereographic correction factor (C ¼ 1.5) for 3-dimensional grain size (Gifkins, 1970) and the recrystallized grain size in 3-D was 1063, 3028, and 2131 ㎛, respectively ( Table 1 ). Stress of specimens was estimated for the dry condition of olivine (Jung and Karato, 2001b) and turned out to be small (5e11 ± 5 MPa).
Discussion and implications for trench-parallel seismic anisotropy
LPO of olivine
The natural olivine in diamond-bearing garnet (Fig. 2b, c) from Finsch, South Africa displayed B-type LPO (Fig. 5) . Although there were previous studies on the olivine fabrics from the deep mantle at other localities (Baptiste et al., 2012; Jung et al., 2013; Skemer and Karato, 2008; Wang et al., 2013a Wang et al., , 2013b , this study represents the first observation of B-type LPO of olivine under dry condition in natural rocks from a depth of greater than 100 km (P > 3 GPa). This observation supports previous experimental studies of the pressureinduced slip transition in olivine Ohuchi et al., 2011 Ohuchi et al., , 2012 Raterron et al., 2011) and confirms that pressureinduced B-type LPO of olivine exist in nature. There was an initial study on the effect of pressure on LPO of olivine. Couvy et al. (2004) deformed forsterite (Fo 100 ) aggregates at P ¼ 11 GPa and T ¼ 1400 C using a multianvil press, finding different LPOs from A-type LPO. However, it was not certain whether the different LPOs were produced due to pressure, stress, or water because (1) stress of specimen was varied from~1 GPa to~100 MPa during experiment, (2) olivine contained large amount of water (~2000 ppm H/Si). On the other hand, C-type LPO of olivine was reported from the garnet-peridotites in Sulu terrane in China (Xu et al., 2006) . Xu et al. (2006) reported that the samples came from high P and low T condition in a dry environment, arguing that C-type LPO of olivine was formed due to high P and low T deformation of olivine. However, there has been no such an experimental data yet supporting this.
Previous experimental studies also showed that B-type LPO of olivine can be produced by the deformation of olivine under waterrich conditions (C OH ! 200 ppm H/Si) at the pressures (P 2.2 GPa) (Jung and Karato, 2001a; Jung et al., 2006; Katayama and Karato, 2006) . Our samples contained only small amount of water in olivine ( 120 ppm H/Si), indicating that the B-type LPO of olivine in this study was not formed due to water. There are now many examples of B-type LPO of olivine found in natural rocks, where Btype LPO of olivine was interpreted to have been produced in the presence of water. Examples are the B-type LPOs of olivine from the Higashi-akaishi, southwest Japan (Mizukami et al., 2004) , from the Cima di Gagnone, southern Switzerland (Skemer et al., 2006) , from the Val Malenco, Italy (Jung, 2009) , from the Bergen Arc, southwestern Norway , from the southern Mariana Trench (Michibayashi et al., 2007) , from the mantle xenoliths in Shanwang, eastern China , from the Sambagawa belt in southwestern Japan (Tasaka et al., 2008) , and from the Fig. 4 . Flinn diagram plotted using the aspect ratio of grains in XY and YZ plane to see the dominant shape of grains. R XY and R YZ are the aspect ratio of (a) all grains and (b) each mineral in XY and YZ plane, respectively. Grain shape is in the field of constriction for k > 1, while it is in the field of flattening for k < 1. The k-value is defined as k ¼ (R XY e 1)/(R YZ e 1) (Flinn, 1962) . X: lineation, Z: direction normal to foliation, and Y: direction normal to both X and Z. Fig. 6 . Representative unpolarized FTIR spectra of olivine and orthopyroxene. An infrared beam size of 50 mm Â 50 mm was used in the transmission mode. These data indicate that the olivine in all of the samples is dry, while orthopyroxene contains a small amount of water (see Table 1 and text). Elastic stiffnesses, C ij (GPa) of olivine and whole rock of sample 1512 at foliation (XY) at 4 GPa and 1000 C. Reference axes defined as 2: lineation, 3: normal to foliation, and 1: perpendicular to both 2 and 3 directions (eg.,
chlorite peridotites in Almklovdalen, southwestern Norway (Kim and Jung, 2014) .
Another mechanism to produce the B-type LPO is the deformation of olivine in diffusion creep. Recent experimental study showed that LPO of olivine can be formed in diffusion creep (Miyazaki et al., 2013; Sundberg and Cooper, 2008) . By conducting deformation experiment of the mixture of olivine and orthopyroxene in diffusion creep, Sundberg and Cooper (2008) reported the formation of B-type LPO of olivine for the samples containing orthopyroxene (>35%) in diffusion creep. However, our samples contained less than 10% of orthopyroxene. In addition, strong LPO of olivine (Fig. 5) , numerous undulose extinctions (Fig. 3b ) and many dislocations (Fig. 3c ) in olivine in our samples indicate that the olivine in our samples were deformed in dislocation creep and the B-type LPO of olivine was not produced by diffusion creep with high content of orthopyroxene.
Water content of minerals
Water content of olivine in our samples showed 50e120 ± 20 ppm H/Si (Table 1 ). This result indicates that all of the samples were dry compared to those of previous experimental studies (Jung and Karato, 2001a; Jung et al., 2006; Katayama and Karato, 2006) . This result indicates that the B-type LPO of olivine observed in this study was produced under dry condition (<200 ppm H/Si). FTIR spectroscopy of orthopyroxene also showed that orthopyroxene contained a small amount of water (115e380 ± 40 ppm H/Si). Our specimens displayed partition coefficients of water of D Opx/ol ¼ 6 ± 3, which are in agreement with previous experimental studies (Aubaud et al., 2004; Hauri et al., 2006) . This result indicates strongly that both olivine and orthopyroxene were deformed under dry condition and the B-type LPO of olivine was not produced due to water.
Implications for seismic anisotropy
The observation of B-type LPO of olivine in natural rocks originating from a depth greater than~90 km under dry condition has significant implications for the interpretation of seismic anisotropy and the understanding of global tectonics (i.e., mantle flow). The polarization anisotropy of the fast shear wave below Finsch was reported in previous studies (Fouch et al., 2004; Silver et al., 2001) . They found that the angle between absolute plate motion of Africa continent and the polarization direction of fast shear wave below the studied area is about 71 . This polarization anisotropy of the fast Fig. 7 . Seismic velocity and anisotropy calculated from the LPOs of olivine (Fig. 5) . The east-west direction corresponds to the lineation (L). The center of the circle corresponds to the direction normal to the foliation (this orientation was chosen to show clearly the polarization direction of the fast S-waves for vertically arriving seismic waves and is different from that used in Fig. 5 ). The azimuthal anisotropy of the P-waves (Vp) and the polarization anisotropy of the S-waves (AVs) are shown. Vs1 is a plot of the polarization direction of the fast S-waves along different orientations of propagation; the center of the figure corresponds to the vertical propagation. Black square and open circle represent maximum and minimum value, respectively. shear wave below Finsch may be explained by the existence of the fossil B-type LPO of olivine. Although the samples used in this paper was not deformed below the subducting slab, our samples are rich in olivine and they were deformed at high pressure and high temperature condition similar to the environment below the slab, we think that the results of LPO and seismic anisotropy of olivine in this study may be applied to the area below the slab. The trenchparallel seismic anisotropy observed in and below the subducting slab in many subduction zones at depths greater than~90 km (Long and Silver, 2008, 2009; Tian and Zhao, 2012) may be attributed to the B-type LPO of olivine induced by pressure and may be interpreted as the entrainment of the sub-lithospheric mantle in the direction of subduction rather than anomalous trench-parallel flow. This conclusion is supported by a recent seismological observation in Japan where trench-parallel seismic anisotropy was observed in the subducting Pacific slab under Tohoku and the Philippine Sea slab under Kyushu at depths greater than 90 km (Wang and Zhao, 2013) .
Conclusions
Our petrofabric analysis of olivine in garnet peridotites from Finsch, South Africa have led to the following main conclusions: i) SEM/EBSD study of olivine showed that [001] axes of olivine are aligned subparallel to the lineation and [010] axes are aligned subnormal to lineation, which is a B-type LPO of olivine. FTIR study of olivine and orthopyrone showed that water content of olivine and orthopyroxene was low enough compared to previous experimental studies (Jung and Karato, 2001a; Jung et al., 2006; Katayama and Karato, 2006) , indicating that samples were deformed under dry condition. Diamonds were found in the specimens and equilibrium pressures of the specimen obtained by geobarometry were greater than 4 GPa, indicating that samples originated from a deep interior of the Earth and deformed under high pressure. Based on these results, it is concluded that olivine in diamond-bearing garnet peridotites from the Finsch was deformed under dry condition at high pressure environment and the B-type LPO of olivine was produced due to high pressure. ii) This is the first report of the pressure-induced B-type LPO of olivine found in nature. Our findings are consistent with the previous experimental results which showed the formation of B-type LPO of olivine under dry condition at high pressures above P ¼ 3.1 GPa ) and 5 GPa (Ohuchi et al., 2011) . iii) Finding the B-type LPO of olivine at high pressure above 3 GPa has significant implications for the interpretation of seismic anisotropy in many subduction zones. Trenchparallel seismic anisotropy at depths greater than~90 km in and below the subducting slab in many subduction zones (Long, 2013; Long and Silver, 2008; Russo and Silver, 1994; Tian and Zhao, 2012; Wang and Zhao, 2013 ) may be attributable to the pressure-induced B-type LPO of olivine without invoking anomalous trench-parallel flow, affecting mantle dynamics and global tectonics.
Further research on the petrofabrics of natural rocks from the deep interior of the Earth, as well as continued study of high resolution seismic anisotropy in subduction zones, is needed to better understand the source of seismic anisotropy and to constrain the mantle dynamics of subduction zones.
